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$EVWUDFW
7KHVWXG\LVWRDQDO\VHWKHELEOLRJUDSKLFFLWDWLRQVZKLFKKDYHEHHQFLWHGLQWKH
GRFWRUDO WKHVHV RI WKH UHVHDUFKVFKRODUV LQ(DUWK6FLHQFH0DQLSXU8QLYHUVLW\GXULQJ WKH\HDU7KH
VWXG\LVWRGHWHUPLQHWKHSULQFLSOHIRUPVRIOLWHUDWXUHXVHG LQWKHVHVWRGHWHUPLQHFRXQWU\ZLVHODQJXDJHZLVH
DQGVXEMHFWZLVHGLVWULEXWLRQRIOLWHUDWXUHDQGWKHDSSOLFDELOLW\RI%UDGIRUG¶VODZRIVFDWWHULQJWRWKHSDWWHUQXVHG
LQ(DUWK6FLHQFH7KH ELEOLRJUDSKLFDO UHIHUHQFHVZHUHXVHG DW WKHHQGRI HDFKFKDSWHUDQGHQGRI WKHGRFWRUDO
WKHVHVZHUHWDNHQDVWKHVRXUFHRIGDWDIRUWKHVWXG\7KHFROOHFWHGGDWDZHUHDQDO\VHGDQGLQWHUSUHWHGZLWKWDEOH¶V
IRUPDW$QDO\VHVRIVHYHUDOSDUDPHWHUVOLNHFRXQWU\ZLVHODQJXDJHZLVHVXEMHFWZLVHGLVWULEXWLRQRIOLWHUDWXUH
DQGWKHDSSOLFDELOLW\RI%UDGIRUG¶VODZRIVFDWWHULQJ,QWHUDFWLRQZLWKIDFXOWLHVRIFRQFHUQGHSDUWPHQWZDVFDUULHG
RXW,WZDVIRXQGWKDWUHVHDUFKHUHPSKDVL]HGPRUHRQMRXUQDOVRXUFHWKH\GHSHQGOLWHUDWXUHIURP8.1HWKHUODQG
	86$(QJOLVKZDVWKHSUHGRPLQDQWODQJXDJHWKHWRWDOFLWDWLRQVRIMRXUQDOVDUHVFDWWHUHGSULPDULO\DPRQJ
VXEMHFWVDQGLVFRQQHFWHG LQRQHPDMRUVXEMHFW ILHOGV 1LQH&RUH MRXUQDOZKLFKZHUH WKHVRXUFH
MRXUQDOVOHDGVWKHPDMRULW\RIWKHFLWDWLRQV
.H\ZRUGV &LWDWLRQ $QDO\VLV %UDGIRUG /DZ (DUWK 6FLHQFH FRXQWU\ZLVH ODQJXDJHZLVH
VXEMHFWZLVH
,QWURGXFWLRQ
&LWDWLRQDQDO\VLVLVRQHIRUPRI%LEOLRPHWULFVVWXG\,WPDNHVXVHRIELEOLRJUDSKLFUHIHUHQFHV
ZKLFKDUHYLWDOSDUWRIWKHSULPDU\VFLHQWLILFFRPPXQLFDWLRQ7KHWHFKQLTXHRIFLWDWLRQDQDO\VLV
LQYROYHVWKHSURFHVVRIFROOHFWLRQFRXQWLQJDQGDQDO\VLVDQGLQWHUSUHWDWLRQVRIFLWDWLRQVJLYHQ
LQ YDULRXV W\SHV RI OLWHUDWXUH DQG WKHUHE\ KHOSV LQ LGHQWLILFDWLRQ RI VLJQLILFDQW VRXUFHV RI
LQIRUPDWLRQ LQGLYLGXDOV LQVWLWXWLRQV DQG RWKHU DJJUHJDWHV RI VFLHQWLILF DFWLYLWLHV &LWDWLRQ
DQDO\VLVDVDWRROLVXVHGWRLGHQWLI\WKHFRUHUHIHUHQFHVLQDVXEMHFWE\FRXQWLQJWKHFLWDWLRQV
DSSHQGHG DW WKH HQG RI HDFK VFLHQWLILF DUWLFOH 7KH DXWKRU RI D SDSHU FXVWRPDULO\ SUHVHQWV
UHIHUHQFHVDVDXWKHQWLFVRXUFHRILQIRUPDWLRQKDYLQJUHVHDUFKYDOXHRUWRVXEVWDQWLDWHWKHSRLQW
RIYLHZRILGHDVH[SUHVVHGLQWKHFLWHGSDSHU$QDO\VLVRIFLWHGSDSHUVLVXVHGDVDPHDVXUHRI
LPSDFWRI LQGLYLGXDO DUWLFOHVSHULRGLFDOV DXWKRUV HWF DQG KDV EHFRPH DFFHSWHGSUDFWLFH LQ
DOPRVWDOOVFLHQWLILFFRPPXQLFDWLRQVDQGLVDZHOOHVWDEOLVKHGSDUWRILQIRUPDWLRQUHVHDUFK
5HYLHZRI5HODWHG/LWHUDWXUH
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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KLVILQGLQJIHDWXUHVDUDQNLQJOLVWRIMRXUQDOVUHSUHVHQWLQJRIWRWDOFLWDWLRQVRXWRIWKH
WLWOHFLWHG,WZDVQRWHGWKDWDVPDQ\DVMRXUQDOVKDGEHHQFLWHGRQO\RQFH,WDOVRJLYHV
FRXQWU\ZLVH DQG VXEMHFWZLVH GLVWULEXWLRQV RI WKH MRXUQDOV LQ WKH UDQNHG OLVW 5DKPDQ DQG
%KDWWDFKDU\D  LQYHVWLJDWHG  3K' WKHVHV LQ %RWDQ\ VXEPLWWHG WR 1RUWK %HQJDO
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8QLYHUVLW\GXULQJWKHSHULRGWR7KHVWXG\UHYHDOHGWKDWMRXUQDOVDSSHDUHGWREHWKH
PRVWSUHIHUUHGVRXUFHVRILQIRUPDWLRQFRQWULEXWLQJWKHKLJKHVWQXPEHURIFLWDWLRQV
IROORZHG E\ ERRNV  VHPLQDUFRQIHUHQFH  DQG  7KH FRXQWU\ZLVH
VFDWWHULQJV RI FLWDWLRQV VKRZHG WKDW ,QGLD RFFXSLHG ILUVW SRVLWLRQ ZLWK  RI WKH WRWDO
FLWDWLRQV IROORZHG E\ 86$  DQG 8. 5DYLFKDQGUDQ 6LYDSUDVDG DQG
0DQRKDUDQFDUULHGRXWWKHELEOLRPHWULFFLWDWLRQDQDO\VLVRIIRXU3K'WKHVHVLQ/LEUDU\
DQG ,QIRUPDWLRQ 6FLHQFH DW %KDUDWKLGDVDQ 8QLYHUVLW\ 7LUXFKL GXULQJ  ,Q DOO 
FLWDWLRQVZHUHDQDO\]HG7KHDXWKRUVQRWHGDUWLFOHVSXEOLVKHGLQMRXUQDOVIROORZHGE\
HOHFWURQLF UHVRXUFHV DQG RWKHUV ZLWK D ORZ SHUFHQWDJH 7KH UHVHDUFKHUV FLWHG RQO\ WZR
ODQJXDJHV(QJOLVKDQG&KLQHVH)RUFRXQWU\ZLVHFLWDWLRQVWKHDXWKRUVQRWHG
86$ ZLWK  DUWLFOHV 8.  ,QGLD  1HWKHUODQG  DQG UHPDLQLQJ 
FRXQWULHV WKHDUWLFOHVZHUH OHVV WKDQ7KH MRXUQDOGLVWULEXWLRQDVSHU%UDGIRUG¶V ODZZDV
QRWHGWREH7KH\DOVRQRWHGRIMRXUQDOFLWDWLRQVDUH\HDUVROG6LQJKDQG%HEL
FDUULHGRXWDFLWDWLRQDQDO\VLVRI3K'WKHVHVLQ6RFLRORJ\VXEPLWWHGWRXQLYHUVLW\RI
'HOKLGXULQJWKH\HDU7KHVWXG\LVEDVHGRQWKHFLWDWLRQVWDNHQRXWIURP
3K'WKHVHVRI6RFLRORJ\7KHFRXQWU\ZLVHVFDWWHULQJRIFLWDWLRQVUHYHDOVWKDW
FLWDWLRQVZHUHIURP,QGLDDQGLWZDVIROORZHGE\86$DQG8..XVKNRZVNLUHSRUWHG
RQ D UHVXOWRI D VWXG\ RI RYHU FLWDWLRQV IURPPDVWHUV DQGGRFWRUDO WKHVHVZULWWHQ
EHWZHHQ  DQG  DW D0LGZHVWHUQ /DQG *UDQW 8QLYHUVLW\ 7KH VWXG\ VXJJHVWV WKDW
JUDGXDWH VWXGHQWVZULWLQJ WKHVHV IDYRXU FXUUHQW UHVHDUFK 7KH VWXG\ VKRZV GLVWLQFW WUHQG LQ
JUDGXDWHVWXGHQWV¶FLWDWLRQSDWWHUQ
6FRSH
7KH SUHVHQW VWXG\ LV DQ DWWHPSWV WR GLVFRYHU DQG VFDQQLQJ RI WKH 3K' WKHVHV RI WKH(DUWK
6FLHQFH GHSDUWPHQW GXULQJ WKH SHULRG  SUHVHQW VWXG\ DWWHPSWV RQ WKH SDWWHUQ RI
LQIRUPDWLRQXVHE\UHVHDUFKHUVLQWKHILHOGRI(DUWK6FLHQFHDQGDUHDRIVWXG\KDVFRQILQHGWR
WKH3K'WKHVHVRI(DUWK6FLHQFHGHFODUHGE\0DQLSXU8QLYHUVLW\IRUWKHGHJUHHRI3KLORVRSK\
2EMHFWLYHV
7KHREMHFWLYHVRIWKHVWXG\DUHWR
L 6WXG\WKH0DMRUVRXUFHRILQIRUPDWLRQXVHGLQ(DUWK6FLHQFHDQGWRGHWHUPLQHWKH
SULQFLSDOIRUPVRIOLWHUDWXUHXVHGLQWKHVHVE\(DUWK6FLHQFHGRFWRUDOVWXGHQWV
LL 7R GHWHUPLQH FRXQWU\ZLVH ODQJXDJHZLVH DQG VXEMHFWZLVH GLVWULEXWLRQ RI
OLWHUDWXUHXVHGE\GRFWRUDOVWXGHQWV
LLL $SSOLFDELOLW\RI%UDGIRUG¶VODZRIVFDWWHULQJWRWKHSDWWHUQXVHGLQ(DUWK6FLHQFH
0HWKRGRORJ\
7KH LQIRUPDWLRQ ZHUH FROOHFWHG IURP0DQLSXU 8QLYHUVLW\ZKLFK ZDV VXEPLWWHG GXULQJ WKH
SHULRGRI LQ(DUWK6FLHQFHGHSDUWPHQWZHUH UHFRUGHG WKH WDVNRI LGHQWLI\LQJDQG
UHFRUGLQJLQIRUPDWLRQDERXWWKHLQGLYLGXDOFLWDWLRQ7KHELEOLRJUDSKLFDOUHIHUHQFHVZKLFKZHUH
XVHGE\ WKH UHVHDUFKHUV IRUFRPSOHWLQJ WKH WKHVHVDW WKHHQGRIHDFKFKDSWHUDQGHQGRI WKH
GRFWRUDOWKHVHVZHUHWDNHQDVWKHVRXUFHRIGDWDIRUWKHVWXG\7KHFROOHFWHGGDWDZDVFODVVLILHG
WDEXODWHG SUHVHQWHG DQDO\]HG DQG LQWHUSUHWHG ZLWK WKH KHOS RI WDEOHV 7KH VWXG\ SUHVHQWV
DQDO\VLVRIVHYHUDOSDUDPHWHUVOLNHIRUPVRIOLWHUDWXUH&RXQWU\:LVH/DQJXDJH:LVH6XEMHFW
:LVHDQGILQDOO\DOLVWRIFRUHMRXUQDOVZDVFRPSLOHGDQGSUHSDUHGRQWKHEDVLVRIKLJKO\FLWHG
DUWLFOHVRIWKHMRXUQDOVLQ(DUWK6FLHQFHV
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L 7KHVFRSHRIWKHVWXG\LVUHVWULFWHGWRWKHUHVHDUFKZRUNWKHVLVFRQGXFWHGE\WKH
'HSDUWPHQWRI(DUWK6FLHQFH0DQLSXU8QLYHUVLW\
LL 7KHDQDO\VLVRIWKHVWXG\EDVHRQMRXUQDOVRXUFHV
LLL 7KHSUHVHQWVWXG\FDUULHGWKDWDYDLODEOHGRFWRUDOWKHVHVLQ8QLYHUVLW\OLEUDULHVDQG
GHSDUWPHQWVZKLFKWDNHQXSIRUGHWDLOHGLQYHVWLJDWLRQ
$QDO\VLVRI'DWD
'DWD&ROOHFWHGIURPWKH7KHVLV
$WRWDOQXPEHURIWKLUW\VL[WKHVHVVXEPLWWHGWR0DQLSXU8QLYHUVLW\GXULQJWKHSHULRGRI
LQ(DUWK6FLHQFHGHSDUWPHQWZHUHH[DPLQHG7KH\JDYHDWRWDORIFLWDWLRQVZKLFK
LVDQDYHUDJHRIFLWDWLRQVSHUWKHVLV7KHELEOLRJUDSK\FLWHGZDVVRUWHGRXWDFFRUGLQJWR
WKHLUVIRUPDWVLHERRNVMRXUQDOVSURFHHGLQJVWKHVLVUHSRUWUHFRUGVDQGRWKHUV-RXUQDOVKDYH
D KLJKHVW UDQNLQJ WR EH FLWHG E\ WKH UHVHDUFKHUV RI (DUWK 6FLHQFH 7KH GDWD FROOHFWHGZHUH
SUHVHQWHGLQWDEOH¶VDLGSHUFHQWDJHVXQGHUYDULRXVKHDGLQJ
7DEOH<HDU:LVH'LVWULEXWLRQRI7KHVLV
6O1R <HDU 5DQN 7KHVLV 3HUFHQWDJH
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 WK  
   7RWDO  
)URP7DEOHLWUHYHDOVWKDWGXULQJWKHWRWDOWKHVLVZDVDQGWKLVSHULRGZDVWKH
PRVWSURGXFLQJ3K'WKHVLVDVFRPSDUHWRRWKHU\HDUVDQGIROORZHGE\WKH\HDUV
DQGUHVSHFWLYHO\
%LEOLRJUDSKLF)RUPVRI&LWHGGRFXPHQWV
7KH IROORZLQJ7DEOH JLYHV XVGHWDLOV DERXW WKHGLIIHUHQW GRFXPHQWV FLWHGE\ WKH VFKRODUV
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6O
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 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 7KHVLV     WK
 *RYHUQPHQW
3XEOLFDWLRQ
    WK
 0DSV     WK
 0LVF     WK
 7RWDO     

,WLVREVHUYHGWKDWIURP7DEOHRIWKHVRXUFHVFLWHGE\WKHGRFWRUDOUHVHDUFKHUVDUH
MRXUQDOV IROORZHG E\ ERRNV  3URFHHGLQJV  5HSRUWV  5HFRUGV
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 7KHVLV  *RYHUQPHQW 0LVFHOODQHRXV  DQG0DSV 
UHVSHFWLYHO\
&RXQWU\:LVH'LVWULEXWLRQRI-RXUQDO
7DEOH&RXQWU\:LVH&LWDWLRQVLQ(DUWK6FLHQFH
6O
1R
1DPHRIWKH
&RXQWU\
1RRI
&LWDWLRQV
&XPXODWLYH
&LWDWLRQV
3HUFHQWDJH

&XPXODWLYH
3HUFHQWDJH
  8.   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
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  86$    
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 
  6ZLW]HUODQG    
  &DQDGD    
  8665    
  ,WDO\    
  7KDLODQG    
  $XVWULD    
  3RODQG    
  (J\SW    
  *HUPDQ\    
  -DSDQ    
  )LQODQG    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)LQGLQJVDQG&RQFOXVLRQ
7KHIROORZLQJDUHWKHPDMRUILQGLQJVGUDZQIURPWKLVVWXG\
'LVWULEXWLRQRI&LWDWLRQV
 $FFRUGLQJWRWKHDQDO\VLVRIFLWDWLRQLQ(DUWK6FLHQFHUHYHDOVWKDWMRXUQDOVDSSHDUVWREHWKH
PRVWSUHIHUUHGVRXUFHVRILQIRUPDWLRQXVHGE\WKHUHVHDUFKHUVZKLFKRFFXSLHG
RI WKH WRWDO FLWDWLRQV ,W VKRZV WKDW WKH UHVHDUFK VFKRODUV LQ HDUWK VFLHQFH PDLQO\ XVHG
MRXUQDOVIRUFROOHFWLQJWKHLQIRUPDWLRQ
 8.DWWDLQHGWKHILUVWUDQNLQFRXQWU\ZLVHDQDO\VLVRIFLWDWLRQVLQHDUWKVFLHQFH 
 (QJOLVK ODQJXDJHRFFXSLHGWKH ILUVWSODFHZLWK LQ WKH ODQJXDJHZLVHDQDO\VLVRI
FLWDWLRQVLQHDUWKVFLHQFH
 ,W ZDV IRXQG WKDW WKH WRWDO  FLWDWLRQV RI MRXUQDOV DUH VFDWWHUHG SULPDULO\ DPRQJ 
VXEMHFWVDQG LVFRQQHFWHG LQRQHPDMRU VXEMHFW ILHOGV LH*HRORJ\DVPDMRULW\RI 
3K'WKHVHVXQGHUFLWDWLRQVWXG\UHODWHGWRWKLVVXEMHFW
%UDGIRUG¶V/DZRI6FDWWHULQJDQG$QDO\VLVRI%UDGIRUG¶V=RQHV
 7KHVWXG\UHYHDOVWKDW1LQH&RUHMRXUQDOZKLFKZHUHWKHVRXUFHMRXUQDOVOHDGVWKHPDMRULW\
RIWKHFLWDWLRQVZLWKDWRWDORI&LWDWLRQ)RUW\6L[MRXUQDOZLWKWKHWRWDOFLWDWLRQRI
ZKLFKZHUHILUVW]RQHRI WKH%UDGIRUG]RQHDQGMRXUQDOZLWKWKHFLWDWLRQRI
ZKLFKZHUHWKHVHFRQG]RQHRIWKH%UDGIRUG]RQHRIVFDWWHULQJUHVSHFWLYHO\
6XJJHVWLRQVDQG&RQFOXVLRQ
7KHSUHVHQWVWXG\LVEDVHGRQWKH&LWDWLRQVUHQGHUHGLQ3K'WKHVHVRI(DUWK6FLHQFHVXEPLWWHG
WR0DQLSXU8QLYHUVLW\ RQO\ $QDORJRXV W\SH RI UHVHDUFKPD\ EH FDUU\LQJ RXW FRYHULQJ WKH
WKHVHVLQRWKHUVFLHQFHVXEMHFWVDQGVRFLDOVFLHQFHVXEMHFWV7KLVLVWRVLPSOLI\WKHILQGLQJVRI
WKH VWXG\ DQG H[SDQG LQGHSWK LQIRUPDWLRQ RI WKH OLWHUDWXUH XVHG E\ WKH UHVHDUFKHUV 7KH
0DQLSXU8QLYHUVLW\/LEUDU\VKRXOGVXEVFULEHWKRVHIRUHLJQSULQWHMRXUQDOVDQG,QGLDQMRXUQDOV
WRPHHWWKHQHHGVRIWKHUHVHDUFKVFKRODUVWXGHQWVDQGWHDFKHUV7KH&LWDWLRQVIURPRWKHUIRUPV
RIGRFXPHQWDWLRQFRQFHUQHGLHHUHVRXUFHVUHSRUWVFRQIHUHQFHSURFHHGLQJVUHFRUGVWKHVLV
JRYHUQPHQW SXEOLFDWLRQ HWF DUH YHU\ OHVV FLWHG DQG XVHG EHFDXVH RI WKH LQVXIILFLHQF\ RI
LQIRUPDWLRQ,QWKLVUHJDUGLWLVVXJJHVWHGWKDWFRQFHUQHGDXWKRULWLHVVKRXOGPDNHDQHIIRUWWR
RYHUFRPH WKHVH UHVWULFWLRQV E\ SURYLGLQJ HIILFLHQW OLEUDU\ VHUYLFHV 7KLV ZRXOG KHOS WKH
UHVHDUFKHUVQRWRQO\LQWKHILHOGRIHDUWKVFLHQFHEXWDOVRLQRWKHUILHOGVRINQRZOHGJHWRJHW
WKHUHTXLUHGPDWHULDOVIRUWKHLUUHVHDUFKSXUSRVH8QLYHUVLW\OLEUDULHV LQWKHVWDWHRI0DQLSXU
VKRXOG EXLOG D FRQVRUWLXP WR VKDUH WKHLU SULQW DQG HOHFWURQLF UHVRXUFHV DYDLODEOH LQ WKHLU
OLEUDULHV
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